The presence of essential arginine residues at the NADPH-binding sites of beta-ketoacyl reductase and enoyl reductase domains of the multifunctional fatty acid synthetase of chicken liver.
Treatment of chicken liver fatty acid synthetase with the arginine-specific reagent phenylglyoxal resulted in the pseudo-first-order loss of synthetase, beta-ketoacyl reductase and enoyl reductase activities. The sum of the second-order rate constants for the two reductase reactions equalled that for the synthetase reaction, suggesting that inactivation of either reductase was responsible for the loss of fatty acid synthetase activity. Double-log plots of pseudo-first-order rate constant versus reagent concentration yielded straight lines with slopes of unity for all three activities tested, suggesting the reaction of one reagent molecule in the inactivation process. In parallel experiments, complete inactivation of synthetase activity was accompanied by the incorporation of 4.5 [14C]phenylglyoxal, and the loss of 2.3 arginine residues per subunit. Reaction of essential sulfhydryl groups was not involved, since inactivation by phenylglyoxal was unaffected by reversible protection of these groups with 5,5'-dithiobis(2-nitrobenzoic acid). Inactivation of all three activities by phenylglyoxal was prevented by saturating amounts of the coenzyme NADPH, or its analogs 2',5'-ADP and 2'-AMP, but not by the corresponding nucleotides containing only the 5'-phosphate. Conversely, the ability of this enzyme to bind NADPH was abolished upon inactivation. These results are consistent with the presence of an essential arginine residue at the binding site for the 2'-phosphate group of NADPH at each of the two reductase domains of the multifunctional fatty acid synthetase subunit.